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(54) Surface-modified pyrogenically produced mixed oxides 

(57) Surface-modified, pyrogenically produced mixed oxides which contain two or more components from 
th series comprising Si0 2 , Al 2 0 3 , Ti0 2 , Zr0 2 , Fe 2 0 3 , Nb 2 0 5 , V 2 0 5 , W0 3 , Sn0 2 , Ge0 2 and were 
surface-modified with one or more compounds from the following groups: 
Organosilanes of the types 

(a) (RO) 3 Si(C n H 2n ^), 

(b) R'xWO^SMCnH^), 
<c)X 3 Si<C n H 2n+1 ), 

<d> X 2 W)Si(C n H 2n+1 >, 

(e) X(R') 2 Si(C n H 2n+1 >, 

(f) (RO)3Si{CK2> m -R a ff 

(g) (R'MROJySilCHzU-R', 

(h) X 3 Si(CH 2 ) m -R', 

(i) (R)X 2 Si(CH 2 ) rn -R', 
Ij) (R) 2 XSi(CH 2 ) m -R' 

(k) Silazanes of the type R' R 2 si~N-SiR 2 R' , 



(I) Cyclic polysiioxanes, 

(m) Polysiloxanes and silicone oils. 
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Surface-modified, pyrogenically produced mixed oxides, 
a process for their preparation and the use thereof 

The invention relates to surface -modified, pyrogenically 
produced mixed oxides, the process for their preparation and 
the use thereof. 



The invention provides surf ace -modified, pyrogenically 
produced mixed oxides which contain two or more components 
from the series comprising Si0 2 , A1 2 0 3 , Ti0 2 , Zr0 2 , Fe 2 0 3 , 
Nb 2 0 5 , V 2 0 5f W0 3 , Sn0 2 , Ge0 2 and were surface-modified with 
one or more compounds from the following groups: 



(a) Organosilanes of the type (RO) 3 Si (C„H 2n+1 ) 

R = alkyl, such as, for example, methyl-, ethyl-, 
n-propyl - , i -propyl - , butyl - 

n =1-20 



(b) Organosilanes of the type R'xtROjySMCnH^^) 

R = alkyl, such as, for example, methyl-, ethyl-, 

n - propyl - , i - propyl - , butyl - 
R' = alkyl, such as, for example, methyl-, ethyl-, 
n-propyl-, i-propyl-, butyl - 

n =1-20 
x+y = 3 
x = 1,2 
y - 1,2 



(c) Halogenorganosilanes of the type X 3 Si {C n K 2n4rl ) 
X = CI, Br 
n =1-20 
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(d) Halogenorganosilanes of the type X 2 (R' ) Si (C n H 2n+1 ) 
X « CI, Br 

R' = alkyl, such as, for example, methyl-, ethyl-, 
n-propyl-, i -propyl-, butyl - 

5 n =1-20 

(e) Halogenorganosilanes of the type X (R' ) 2 Si (C n H 2n+1 ) 
X = CI, Br 

R' = alkyl, such as, for example, methyl-, ethyl-, 
10 n-propyl-, i -propyl-, butyl - 

n =1-20 

(f) Organosilanes of the type (RO) 3 Si (CH 2 ) m -R' 

R = alkyl, such as methyl-, ethyl-, propyl - 
15 m = 0, 1 - 20 

R' - methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 
-NH 2 , -N 3 , -SCN, -CH=CH 2 , 
20 -OOC(CH 3 ) C = CH 2 

-0CH 2 -CH(0) CH 2 
-NH-CO- y-CO- (C H 2 ) s 

-NH-COO-CH 3 , -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(OR) 3 

25 

(g) Organosilanes of the type (R") x (RO)ySi(CH 2 ) m -R' 
R" a alkyl x+y = 2 

x = 1,2 
y = 1,2 

30 m 0,1 to 20 

R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 
-NH 2 , -N 3 , -SCN, -CH*CH 2 , 
35 -OOC(CH 3 )C = CH 2 

-0CH 2 -CH(0)CH 2 
-NH-CO-N-CO- (CH 2 ) S 
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-NH-COO-CH3, -NH-COO-CH2-CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(OR) 3 

(h) Halogenorganosi lanes of the type X 3 Si (CH 2 ) m -R' 
5 X = Cl, Br 

in = 0, 1-20 

R # = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

C 4 F 9/ -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 
10 -NH 2 , -N 3 , -SCN, -CH=CH 2 , 

-OOC(CH 3 )C = CH 2 
-0CH 2 -CH(0)CH 2 
-NH-CO- N-CO- (g H 2 ) 5 

-NH-COO-CH 3 , -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
15 -S x - (CH 2 ) 3 Si(OR) 3 

(i) Halogenorganosilanes of the type (R)X 2 Si (CH 2 ) m -R' 
X = Cl, Br 

R » alkyl, such as methyl-* ethyl-, propyl - 
20 m = 0, 1 - 20 

R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 
-NH 2 , -N 3 , -SCN, -CH=CH 2 , 
25 -OOC(CH 3 )C =CH 2 

-OCH 2 -CH(0)CH 2 
-NH-CO- N-CO- (C H 2 ) 5 

-NH-COO-CH 3 , -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 , 
where R may be = methyl-, ethyl-, propyl-, butyl < 
30 -S x - (CH 2 ) 3 Si (OR) 3 , where R may be = methyl-, 

ethyl - , propyl - , butyl - 

(j) Halogenorganosilanes of the type (R) 2 X Si(CH 2 ) m -R' 
X = Cl, Br 
35 R = alkyl 

m = 0, 1 - 20 
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R'- = methyl-, aryl (e.g. -C 6 H 5# substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 

-NH 2 , -N 3 , -SCN, -CH=CH 2 , 

-OOC(CH 3 )C=CH 2 

-OCH 2 -CH{0)CH 2 

-NH-CO- N-CO- (C H 2 ) 5 

-NH-COO-CH 3 , -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x -(CH 2 ) 3 Si(OR) 3 

Silazanes of the type R'R 2 Si-N-SiR 2 R' 

H 

R = alkyl, 

R' - alkyl, vinyl 

Cyclic polysiloxanes of the type D 3, D 4, D 5, where D 
3, D 4 and D 5 mean cyclic polysiloxanes with 3, 4 or 5 
units of the type -O-Si (CH 3 ) 2 - . 
For example, octamethylcyclotetrasiloxane = D 4 



CH 3 CH 3 

>i ^Si 
H 3 C ^0 0 

CH3 CH3 



„CH 3 
*CH 3 



Polysiloxanes and silicone oils of the type 







R 

1 




"R" 
1 




Y-0- 




Si-0 




Si-0 








I 




I 








R» 




R'" 






m 




n 



m = 0,1,2,3. . .00 

n = 0,1,2,3 00 

u = 0, 1, 2, 3 .00 

CH 3 , H, C n H 2n+1 n = 1-20 
Si(CH 3 ) 3 , Si(CH 3 ) 2 H 
Si(CH 3 ) 2 OH, Si(CH 3 ) 2 (OCH 3 ) 
Si(CH 3 ) 2 (C n H 2n+1 ) n = 1-20 
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R = alkyl, such as C n H 2n+1 , where n is = 1 to 20, aryl, 
such as phenyl- and substituted phenyl radicals, 
(CH 2 ) n -NH 2 , H 

R' s alkyl, such as C n H 2n+1 , where n is = 1 to 20, aryl, 
5 such as phenyl- and substituted phenyl radicals, 

(CH 2 ) n -NH 2 , H 

R' ' = alkyl, such as C n H 2n+1 , where n is = 1 to 20, aryl, 
such as phenyl- and substituted phenyl radicals, 
<CH 2 ) n -NH 2 , H 

10 R' ' ' = alkyl, such as C^Hj^, where n is =1 to 20, aryl, 
such as phenyl- and substituted phenyl radicals, 
(CH 2 ) n -NH 2 , H 



The invention also provides a process for the preparation of 

15 the surface-modified, pyrogenically produced mixed oxides 
according to the invention, which is characterised in that 
two or more metal chlorides from the series comprising 
SiCl 4 , A1C1 3 , TxCl 4 , ZrCl 4 , FeCl 3 , NbCl 5 , V0C1 3 , W0C1 4 , WCl*, 
SnCl 4 and GeCl 4 , are evaporated together or separately, 

20 transferred together with an inert gas, for example, 

nitrogen, into the mixing chamber of a known burner, mixed 
there with hydrogen, air and/or oxygen, the multi -component 
mixture is burned in a reaction chamber, the solid mixed 
oxides are then separated from the gaseous reaction products 

25 and freed from adhering hydrogen chloride optionally in 
moist air, and the pyrogenically produced mixed oxides are 
charged to a suitable mixing vessel, the mixed oxides are 
sprayed, with intensive mixing, optionally initially with 
water and subsequently with the surface-modifying reagent or 

30 the mixture of several surface-modifying reagents, mixed 
again for 15 to 30 minutes and subsequently heat-treated at 
a temperature of 100 to 400 °C for a period of 1 to 6 hours. 

The water used may be acidified with an acid, for example, 
35 hydrochloric acid, to a pH of 7 to 1. The surf ace -modifying 
reagent used may be dissolved in a suitable solvent such as, 
for example, ethanol. The mixing and/or heat treatment may 
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be carried out in a protectiv gas atmosphere, such as, for 
example, nitrogen. 

The invention also provides a process for the preparation of 
5 the surface-modified, pyrogenically produced mixed oxides 
according to the invention, which is characterised in that 
two or more metal chlorides from the series comprising 
SiCl 4 , A1C1 3 , TiCl 4 , ZrCl 4 , FeCl 3 , NbCl 5 , V0C1 3 , W0C1 4 , WC1 6 , 
SnCl 4 and GeCl 4 are evaporated together or separately, 

10 transferred together with an inert gas, for example, 

nitrogen, into the mixing chamber of a known burner, mixed 
there with hydrogen, air and/or oxygen, the multi- component 
mixture is burned in a reaction chamber, the solid mixed 
oxides are then separated from the gaseous reaction products 

15 and freed from adhering hydrogen chloride optionally in 
moist air, and mixed as homogeneously as possible with 
organohalogen silanes with the exclusion of oxygen, the 
mixture together with small quantities of water vapour and 
optionally together with an inert gas is heated to 

20 temperatures from 200 to 800 Q C, preferably 400 to 600°C, in 
the continuous co-current process in a treatment chamber 
taking the form of an upright tubular furnace, the solid and 
gaseous reaction products are separated from each other, the 
solid products are optionally de-acidified and dried. 

25 

The invention also provides for the use of the surface - 
modified, pyrogenically produced mixed oxide according to 
the invention as 

reinforcing filler in silicone rubber and rubber 
30 - charge stabiliser and free-flow agent in toner powders 
free -flow agent 

ant i -blocking agent, for example, in films 
UV blocker, for example, in cosmetics 
thickener, for example, in lacquers. 
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Exampl s 

Examples for the preparation of mixed oxides 

5 The metal chlorides 1 and 2 are volatilised in separate 

evaporators and the chloride vapours are fed into the mixing 
chamber of a burner by means of nitrogen. There they are 
mixed with hydrogen and dried air and/or oxygen and burned 
in a reaction chamber. In the coagulation zone the reaction 
10 products are cooled to approximately 110°C and the resulting 
mixed oxides are subsequently separated with a filter. 
Adhering chloride is removed by treating the powders with 
moist air at temperatures between 500 and 700 °C. 

15 The reaction conditions and the product properties for the 
various mixed oxides are summarised in Table 1. 

Examples for the preparation of surface-modified mixed 
oxides 

20 

The reaction conditions and stoichiometric conditions for 
the surface modification may be derived from Table 2. The 
physical -chemical data are summarised in Table 3, 
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Table 2 



E.g. 


Name 


Mixed 
oxide 


Modi- 
fying 
reagent* 


Modi- 
fying 
reagent 
(g/100g 
mixed 
oxide) 


Water 

quantity 

(fi/lOOe 

mixed 

oxide) 


Solvent 
quan- 
tity 
(g/100 
g mixed 
oxde 


Temper- 
ing 
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00 


Temper- 
ing 

temper- 
ature 
(°C) 
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*m. 
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1 « Hexamethyldisilazane 

2 = Trimethoxy-octyl-silane 

3 = Dimethylpolysiloxane 

4 = Trimethoxy-propyl-silane 
2 Ethanol 



= (CH 3 ) 3 Si-NH-Si(CH 3 ) 3 
= (CH 3 0) 3 Si- (CH 2 ) 7 -CH 3 

= HO- Si-Ol - H 

- {CH 3 0) 3 Si-CH a -CH 2 -CH 3 
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Patent claims 



Surface-modified, pyrogenically produced mixed oxides 
which contain two or more components from the series 
comprising Si0 2 , Al 2 0 3 , Ti0 2 , Zr0 2r Fe 2 0 3/ Nb 2 O s , V 2 0 5/ W0 3 , 
Sn0 2 , Ge0 2 and were surface-modified with one or more 
compounds from the following groups: 

(a) Organosilanes of the type (RO) 3 Si (C n H 2n+1 ) R - alkyl 

n = 1 - 20 

(b) Organosilanes of the type R' x (RO) y Si (C n H 2n+I ) R = alkyl 

R'= alkyl 
n « 1 - 20 
x+y = 3 
x = 1,2 

y = 1,2 

(c) Halogenorganosilanes of the type 

X 3 Si (C n H 2n+1 ) X - CI, Br 

n = 1 - 20 

(d) Halogenorganosilanes of the type 

X 2 (R')Si(C n H 2n+1 ) X = CI, Br 

R'= alkyl 
n * 1 - 20 



(e) Halogenorganosilanes of the type 

XfR'^SitCnH^) X = Cl, Br 

R' = alkyl 

n = 1 - 20 



(f) Organosilanes of the type (RO) 3 Si (CH 2 ) m -R' 
R = alkyl, 
m = 0, 1-20 

R' = methyl-, aryl (e.g. -C 6 H 5 , substituted 
phenyl radicals) 

-C 4 F 9 , OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 
-NH 2 , -N 3 , -SCN, -CH=CH 2 , 
-OOC(CH 3 )C = CH 2 
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-OCH 2 -CH(0)CH 2 
-NH-CO- N-CO- (C H a ) 5 

-NH-COO-CH3, -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si (OR) 3 

(g) Organosilanes of the type (R" ) x (RO) y Si (CH 2 ) m -R' 
R" = alkyl x+y = 2 

x = 1,2 

y = 1,2 

m = 0,1 to 20 
R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 

-NH 2 , -N 3 , -SCN, -CH=CH 2 , 

-OOC(CH 3 )C - CH 2 

-OCH 2 -CH(0)CH 2 

-NH-CO- N-CO- (C H 2 ) 5 

-NH-COO-CHj, -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(OR) 3 

(h) Halogenorganosilanes of the type X 3 Si (CH 2 ) m -R' 
X = CI, Br 

m » 0, 1 - 20 

R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 

-NH 2 , -N 3 , -SCN, -CH=CH 2 , 

-OOC(CH 3 )C = CH 2 

-OCH 2 -CH(0)CH 2 

-NH-CO-N-CO- (C H 2 ) s 

-NH-COO-CH3, -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(0R) 3 

(i) Halogenorganosilanes of the type (R)X 2 Si (CH 2 ) ra -R' 
X = CI, Br 

R = alkyl, 
m = 0, 1 - 20 
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R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3 , -C 6 F 13 , -0-CF 2 -CHF 2 

-NH 2 , -N 3 , -SCN, -CH=CH 2 , 

-OOC(CH 3 ) C =CH 2 

-0CH 2 -CH(O)CH 2 

-NH-CO-N-CO- (CH 2 ) 5 
i » 

-NH-COO-CH3, -NH-COO-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(OR) 3 

(j) Halogenorganosilanes of the type (R) 2 X Si(CH 2 ) m -R' 
X = CI, Br 
R = alkyl 
m = 0, 1 - 20 

R' = methyl-, aryl (e.g. -C 6 H 5 , substituted phenyl 
radicals) 

-C 4 F 9 , -OCF 2 -CHF-CF 3> -C 6 F 13 , -0-CF 2 -CHF 2 
-NH 2 , -N 3 , -SCN, -CH=CH 2 , 
-OOC(CH 3 )C=CH 2 
-0CH 2 -CH(O) CH 2 
-NH-CO- N-CO- (C H 2 ) s 

-NH-COO-CH3, -NH-CO0-CH 2 -CH 3 , -NH- (CH 2 ) 3 Si (OR) 3 
-S x - (CH 2 ) 3 Si(OR) 3 

(k) Silazanes of the type R' R 2 Si-N-SiR 2 R' 

H 

R = alkyl, 

R' = alkyl, vinyl 

(1) Cyclic polysiloxanes of the type D 3, D 4, D 5, 
e.g. octamethylcyclotetrasiloxane = D 4 

CH 3x ^CH 3 

H 3 C 0^ Sl -o^ „CH 3 

Si ^Si 
H 3 c' "0^ ^0 \H 3 

CXf ^CH 3 
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(m) Polysiloxanes and silicone oils of the -type 



Y-O- 





R 
1 




R" 

1 








Si-0 
1 

R' 




Si-0 
1 




-Y 




m J 


n J 


u 



m = 0,1, 2, 3. ..oo 
n = 0,1,2,3. . .oo 
u = 0,1,2,3 .. .oo 

Y » CH 3 , H, C n H 2n+1 n = 1-20 

Y = Si(CH 3 ) 3 , Si(CH 3 ) 2 H 
Si(CH 3 ) 2 OH, Si{CH 3 ) 2 (OCH 3 ) 
SUCHjMCyW) n = 1-20 



R 


alkyl, 


aryl, 


(CH 2 ) n 


- NH 2 , 


H 


R' - 


alkyl, 


aryl, 


(CH 2 ) n 


- NH 2I 


H 


R' ' = 


alkyl. 


aryl, 


(CH 2 ) n 


- NH 2 , 


H 


R" ' = 


alkyl, 


aryl. 


<CH 2 ) n 


- NH 2 , 


H 



A process for the preparation of surf ace-modif ied, 
pyrogenically produced mixed oxides according to claim 1, 
characterised in that two or more metal chlorides from the 
series comprising SiCl 4 , AlCl 3/ TiCl 4 , ZrCl 4 , FeCl 3 , NbCl 5/ 
VOCl 3/ W0C1 4 , WC1 6 , SnCl 4 and GeCl 4 , are evaporated 
together or separately, transferred together with an inert 
gas, for example, nitrogen, into the mixing chamber of a 
known burner, mixed there with hydrogen, air and/or 
oxygen, the mult i- component mixture is burned in a 
reaction chamber, the solid mixed oxides are then 
separated from the gaseous reaction products and freed 
from adhering hydrogen chloride optionally in moist air, 
and the pyrogenically produced mixed oxides are charged to 
a suitable mixing vessel, the mixed oxides are sprayed, 
with intensive mixing, optionally initially with water and 
subsequently with the surface -modifying reagent or the 
mixture of several surf ace -modifying reagents, mixed again 
for 15 to 30 minutes and subsequently heat-treated at a 
temperature of 100 to 400°C for a period of 1 to 6 hours. 



A process for the preparation of surf ace-modif ied, 
pyrogenically produced mixed oxides according to claim 1, 
characterised in that two or more metal chlorides from the 
series comprising SiCl 4 , A1C1 3 , TiCl 4 , ZrCl 4 , FeCl 3 , NbCl 5# 
V0C1 3 , W0C1 4 , WC1 6 , SnCl 4 and GeCl 4 are evaporated together 
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or separately, transferred together with an inert gas, for 
example, nitrogen, into the mixing chamber of a known 
burner, mixed there with hydrogen, air and/or oxygen, the 
multi -component mixture is burned in a reaction chamber, 
the solid mixed oxides are then separated from the gaseous 
reaction products and freed from adhering hydrogen 
chloride optionally in moist air, and mixed as 
homogeneously as possible with organohalogen silanes with 
the exclusion of oxygen, and the mixture together with 
small quantities of water vapour and optionally together 
with an inert gas is heated to temperatures from 200 to 
800°C, preferably 400 to 600°C, in the continuous co- 
current process in a treatment chamber taking the form of 
an upright tubular furnace, the solid and gaseous reaction 
products are separated from each other, the solid products 
are optionally de-acidified and dried. 

4. The use of the surface -modified, pyrogenically produced 
mixed oxide according to claim 1 as 

- reinforcing filler in silicone rubber and rubber 

- charge stabiliser and free- flow agent in toner powders 

- free -flow agent 

- ant i -blocking agent, for example, in films 

- UV blocker, for example, in cosmetics 

- thickener, for example, in lacquers, 

5. Surface modified, pyrogenically produced mixed oxides substantially as 
hereinbefore described with particular reference to the examples. 

6. A process for the production of surface modified, pyrogenically produced mixed 
oxides substantially as hereinbefore described with particular reference to the 
examples. 
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